Expression of the angiopoietins and their receptor Tie2 in human renal clear cell carcinomas; regulation by the von Hippel-Lindau gene and hypoxia.
Angiogenesis is essential for tumour growth and metastasis, and is co-ordinated by several classes of angiogenic factors. To determine the significance and regulation of the angiopoietin (Ang) pathway in highly vascular human renal cell carcinomas (RCCs), this study has investigated the expression of the Ang-1, Ang-2, Ang-4, and Tie2 genes in a series of normal (n = 26) and neoplastic (n = 45; clear cell n = 35, papillary n = 10) human kidney tissues, examined the pattern of Ang-2 and Tie2 protein expression, and correlated expression with clinicopathological variables. The effect of the von Hippel-Lindau (VHL) gene and hypoxia in the renal cell lines RCC786-0 and RCC4 has also been investigated. Ang-1, Ang-2 and Tie2, but not Ang-4 mRNA, were detected in normal and tumour samples. A significant increase in Ang-2 (p < 0.001) and a decrease in Tie2 receptor mRNA (p = 0.001) were observed, but no significant difference was observed in Ang-1 mRNA abundance between normal kidney and RCC (p = 0.37). Immunohistochemistry for Ang-2 showed strong expression in vascular endothelium and weak expression in tumour cells, whereas Tie2 was expressed exclusively on endothelium. Tie2 gene expression was positively correlated with Ang-2 expression in cancers (p = 0.001) and showed a borderline significant association with Ang-1 (p = 0.06), but there was no significant relationship between Ang-1 and Ang-2 (p = 0.69). No significant relationships were observed in clear cell carcinomas between Ang-1, Ang-2 and Tie2 mRNA abundance and patient sex, patient age, or tumour size (p > 0.05). However, there was significantly greater Ang-1 (p = 0.02), Ang-2 (p = 0.03), and Tie2 (p = 0.04) mRNA abundance in clear cell than in chromophil RCCs. Ang-2 gene expression was down-regulated by hypoxia in VHL wild-type RCC786-0 and RCC4 transfectants (p = 0.0002 and p = 0.04, respectively), mirroring the low expression in human tumour cells. These data suggest that it is endothelial induction of Ang-2 in tumours that regulates vessel stability and supports targeting Tie2 as an effective novel anti-angiogenic therapy in clear cell RCCs.